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ABSTRACT 

Among  metals ,  the  rare-earth  elements  form  an  outstanding  and  unique  group.  The  element  of  the  first  series 
that  is  from  Cerium  to  Lutetium  (58Ce  to  71Lu)  which  form  a  part  of  the  sixth  period  are  called  lanthanides.  These  are 
called  rare-earth  elements  because  of  the  very  small  amount  of  it.  The  Configuration  of  rare-earths  ion  is  given  by 
(Is22s2  2p63s23p63dl04s24p64dl05s25p6)4f  n5dl6s2  and  the  value  of  n  varies  from  one  to  fourteen.Ternary  complexes 
of  Neodymium  with  amino  acids  that  is  Arginine ,  Threonine  or  Leucine  as  primary  ligand  and  Urea  as  secondary  ligands 
are  prepared  in  1:1:2  ratio.  The  spectra  of  these  complexes  are  recorded  by  UV-VIS  spectrophotometer ,  LABIND1A 
3000+.  The  value  of  different  parameters-  Racah  parameter  (El,  E2,  E3),  Slater-Condon  parameters(F2,F4,F6)  and 
Lande’s  parameter  are  calculated.  The  effect  of  various  amino  acids  on  the  position  and  intensity  has  been  discussed  in 
terms  of  bonding  parameter.  After  calculation  of  these  Slater-Condon  parameters,  Nephelauxetic  Ratio  is  calculated  this 
is  directly  related  to  types  of  bonding. 
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INTRODUCTION 

Neodymium  consists  of  two  Greek  words  that  is  Neos  meant  new  and  didymos  meant  twins.  Now  a  days, 
Neodymium  is  mainly  used  in  lasers,  ceramic  glasses  and  ceramic  capacitors [1-20].  In  case  of  ternary  complexes 
of  Neodymium,  the  colour  of  it  is  reddish  purple  because  of  Nd+3.  It  can  easily  oxidise  in  air  and  it  is  one  of  the 
most  reactive  elements.  In  the  pure  form  of  Neodymium  that  is  in  the  Free  State  its  spectra  lies  in  infrared  red, 
visible  and  ultraviolet  region.  In  ternary  complexes  of  Neodymium,  some  peaks  are  displaced  from  its  original 
positions.  Neodymium  peak,  which  shows  maxima  is  4G5/2.  This  represents  a  hypersensitive  position  of  transition. 

Hypersensitive  bands  are  very  sensitive  to  the  change  in  environments.  Different  researchers  gave 
different  explanations  of  these  bands.  According  to  Judd[10,ll],  these  bands  are  due  to  spherical  Harmonics.  But 
according  to  Choppin  hypersensitivity  is  due  to  inclusion  of  Covalency  within  the  framework  of  a  vibronic 
mechanism.  The  different  modes  by  which  electronic  transitions  take  place  are 

•  Electric  dipole 

•  Magnetic  dipole 

•  Electric  Quadrupole 

In  case  of  rare  earth  complexes,  observed  intensities  of  the  spectral  lines  are  too  large  and  cannot  be 
explained  on  the  basis  of  magnetic  dipole  and  electric  quadrupole  interactions.  Induced  electric  dipole  transitions 
are  mainly  responsible  for  the  occurrence  of  these  lines.  Induced  electric  dipole  transition  is  strongest  in  three. 
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Hypersensitive  transitions  obey  the  selection  rule  of  quadrupole  transitions  and  therefore  known  as  Pseudo-quadrupole 
transitions. 

EXPERIMENTAL  DETAILS 


In  the  present  study,  one  Rare-earth  metal  Neodymium  is  taken.  The  complexes  of  Neodymium  are  prepared  by 
taking  one  of  the  Amino-acid  that  is  Arginine,  Leucine,  Threonine  as  primary  ligand  and  urea  as  secondary  ligand  mixed  in 
1:1:2  ratio.  Their  ternary  complexes  are  studied  in  solvent  form.  The  calculated  energy  levels  corresponding  to  different 
peaks  of  Neodymium  Complexes  are  compared  with  the  experimentally  observed  values.  The  energy  level  values  change 
due  to  change  in  ligands  or  change  in  solvents.  All  reagents  used  in  this  study  are  taken  of  standard  purity.  In  this  work  all 
chemicals  are  from  C.D.H  Company.  The  solution  is  stirred  for  half  an  hour  with  the  magnetic  stirrer  method. 
The  formation  of  complex  is  also  checked  by  infrared  spectra  in  Chemistry  lab  of  S.P.C  Government  College,  Ajmer. 
The  absorption  spectra  of  the  complexes  are  recorded  with  UV-VIS  Spectrophotometer  LABINDA  3000+.  Peaks  of  these 
absorption  spectra  are  recorded  in  between  400nm  to  800nm  (Visible  Range). 

PARAMETERS 

Slater-Condon  parameters,  Lande’s  Parameters  and  Racah  Parameters 

Change  in  environment  of  rare-earth  ions  sometimes  doesn’t  change  the  position  of  energy  levels  too  much. 
This  causes  only  a  slight  change  in  various  parameters  [2] .  It  is  very  difficult  to  solve  these  parameters  using  the  method  of 
diagonalisation  because  in  some  cases,  number  of  levels  are  higher  than  the  number  of  parameters.  Various  parameters  like 
Slater-Condon,  Lande’s  and  Racah  (Energy  level  parameter)  on  complexation  as  compared  to  free  ion  reveals,  that  on 
complexation  there  is  change  in  symmetry  around  the  metal  ion,  types  of  bonding  between  metal  and  ligands  etc. 

When  there  is  formation  of  ternary  complexes  of  Neodymium  with  amino-acids  then  red  shift  occurs. 
On  complexation,  there  is  a  very  small  change  in  F  parameters  and  Lande’s  parameter.  After  the  formation  of  complex 
these  two  parameters  decrease  slightly.  The  decrease  in  value  of  Lande’s  parameter  is  more  than  Slater-Condon 
parameters.  This  signifies  that  ligands  affect  spin-orbit  coupling  more  than  the  electrostatic  repulsion.  Columbic  and 
spin-orbit  parameter  decreases  and  there  is  expansion  of  the  central  metal  ion  on  complexation.  Lanthanide  complexes 
have  high  coordination  numbers.  Bonding  in  rare-earth  complexes  is  weaker  than  in  the  3d  complexes.  Bonding  parameter 
b1/2  expresses  bond  strength  of  rare-earth  complexes.  When  we  calculate  parameters,  we  assume  4f  radial  eigen  function  to 
be  hydrogenic.  This  reduces  the  number  of  radial  integral  three  to  one.  The  energy  levels  of  various  transitions  are 
experimentally  as  well  as  theoretically  calculated  by  using  the  Taylor  Series  expansion. 
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Nephelauxetic  Ratio,  Bonding  Parameter  and  R.M.S.  Deviation 

The  bonding  in  rare-earth  complexes  is  weaker  than  3d  orbital’s.  When  rare-earth  ternary  complexes  are  formed 
the  electronic  repulsion  becomes  weaker  as  compared  to  free  ions.  This  is  due  to  delocalization  of  molecular  orbitals  over 
the  ligands  and  away  from  the  metal.  The  chemical  bond  for  rare-earth  complex  is  considered  to  be  ionic  because  of  their 
inert  gas  electronic  configuration.  It  is  due  to  well  shielding  of  4f  orbitals.  But  experimentally,  covalency  is  also  observed 
for  some  rare-earth  complexes.  On  complexation,  there  is  expansion  of  4f  orbital’s  which  can  be  expressed  in  terms  of 
Nephelauxetic  Ratio  (p)  [2 1-27].  Delocalization  of  molecular  orbitals  increases  separation  between  electrons  and  reduces 
repulsion  between  electrons.  This  reduction  is  expressed  in  terms  of  a  ratio  known  as  Nephelauxetic  ratio.  The  Greek 
meaning  of  this  is  cloud  expanding. 

P  =  Fck/Ffk 

Where, 

c  =  complex  state 
f  =  free  ion  state 

Bonding  parameter  is  b1/2  =  [(1-  P)  /  2] 1/2 
S  =  (1-P)  /  p 

OBSERVATION  TABLES 


Table  1:  Observed  and  Calculated  Energy  Levels  of 
Neodymium:  Arginine:  Urea  in  the  Molar  Ratio  1:1:2 


Levels 

4Fjr. 

4F5/; 

4F7a 

%r. 

4Gs/2 

4G7/2 

4G<)/2 

2G9/2 

4Gn/2 

2Pi  r. 

Observed 

energy 

11560.69 

12594.45 

13513.51 

14727.54 

17391.30 

19193.85 

19531.25 

21052.63 

21691.97 

23148.14 

Calculated 

energy 

11557.97 

12582.87 

13408.64 

14778.03 

17416.35 

19209.57 

19607.38 

21023.08 

21692.09 

23151.14 

Change  in 
energy 

2.72 

11.58 

104.87 

-50.49 

-25.04 

-15.72 

-76.13 

29.05 

-0.11 

-2.99 

Table  2:  Observed  and  Calculated  Energy  Levels  of 
Neodymium:  Threonine:  Urea  in  the  Molar  Ratio  1:1:2 


Levels 

4fm 

4F5/2 

4F7/2 

4p9/2 

4Gs/2 

4G7/2 

4G9/2 

*G9/i 

4Gh/2 

*1/2 

Observed 

energy 

11560.70 

12594.46 

13495.28 

14727.54 

17391.30 

19157.08 

19531.12 

21052.63 

21691.97 

23201.18 

Calculated 

energy 

11553.32 

12577.16 

13405.88 

14780.26 

17402.89 

19198.21 

19595.77 

21019.08 

21684.93 

23203.23 

Change  in 
energy 

7.38 

17.29 

89.40 

-52.71 

-11.58 

-41.12 

-64.65 

33.55 

7.04 

-2.05 

Table  3:  Observed  and  Calculated  Energy  Levels  of 
Neodymium:  Leucine:  Urea  in  the  Molar  Ratio  1:1:2 


Levels 

4F 3/2 

4F5/2 

4F  m 

*9/2 

4Gs/2 

4Gb/2 

4G9/2 

*G9/2 

4Gn  n. 

2pi« 

Observed 

energy 

11547.34 

12594.45 

13495.27 

14705.88 

17301.03 

19157.08 

19569.47 

21008.40 

21691.97 

23148.14 

Calculate 
d  energy 

11540.57 

12572.31 

13402.01 

14773.33 

17384.16 

19171.29 

19580.88 

20988.05 

21683.87 

23143.70 

Change 
in  energy 

6.76 

22.13 

93.26 

-67.44 

-83.12 

-14.20 

-11..19 

20.351 

8.09 

4.44 

www.tivrc.ors 


editor  @tjprc.  org 


4 


Deepmala 


Table  4:  Energy  Parameters  and  F  Parameters 


ND:ARG:U 

ND:THREO:U 

ND:LEUC:U 

Ei 

5019.81 

5038.732 

5015.19 

e2 

25.11 

25.42 

25.43 

e3 

496.98 

496.46 

495.71 

E1/E3 

10.100 

10.14 

10.116 

E2/E3 

0.0505 

0.05 

0.0513 

f2 

335.19 

336.55 

335.84 

f4 

48.60 

48.30 

47.93 

f6 

5.23 

5.31 

5.27 

Zeta  4F 

871.22 

872.88 

876.81 

F4/F2 

0.145 

0.143 

0.142 

F6/F2 

0.01562 

0.01578 

0.01569 

Table  5:  RMS  Deviation,  Nephelauxetic  Ratio  and  Bonding  Parameter 


ND:ARG:U 

ND:THREO:U 

ND:LEU:U 

RMS  Deviation 

46.057 

42.7914 

46.389 

Nephelauxetic  Ratio 

1.012 

1.0162 

1.014 

Bonding  Parameter 

0.078 

0.0902 

0.084 

Graph  1:  Absorption  Spectra  of  Neodymium:  Arginine:  Urea  in  the  Molar  Ratio  1:1:2 


Wavelength(nm) 

Graph  2:  Absorption  Spectra  of  Neodymium:  Threonine:  Urea  in  the  Molar  Ratio  1:1:2 


Impact  Factor  (JCC):  3. 7934 


NAAS  Fating:  400 
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Wavelength(nm) 

Graph  3:  Absorption  Spectra  of  Neodymium:  Leucine:  Urea  in  the  Molar  Ratio  1:1:2 

RESULTS  AND  DISCUSSION 

Bands  of  Neodymiumare  intense  as  compared  to  their  neighbouring  metals.  As  the  atomic  number  of  Neodymium 
is  even,  therefore,  according  to  Oddo-Harkins  rule  its  bands  are  more  intense  as  compared  to  odd  atomic  number  nuclei. 
Forbidden  Transitions  are  responsible  for  the  Visible  and  near  Infra-red  spectra  of  Neodymium  ternary  complexes. 
There  are  some  bands  which  are  more  intensified  by  magnitude  as  compared  to  others  known  as  hypersensitive  bands. 
In  case  of  Neodymium,  ground  state  of  Nd+3  is  4I9/2.  Ten  bands  of  Neodymium  are  designated  as  4F3/2,  4F5/2,  4F7/2,  4F9/2, 
4G5/2,  4G7/2,  4G9/2,  2G9/2,  4Gh/2  and  2Pi/2.In  Nd+3,  transition  4I9/2  to  4G5/2  is  hypersensitive  transition.  Even  minor 
co-ordination  changes  around  the  Nd(III),  change  the  intensity  too  much.  Some  other  bands  also  show  large  change  in 
intensity  but  they  do  not  obey  normal  selection  rules.  These  transitions  are  known  as  Pseudo-hypersensitive  transitions. 

For  all  Neodymium  complexes  El/E3  lies  between  10.10  and  10.14  and  E2/E3  lies  between  0.0500  and  0.0513. 
If  we  change  the  ligand  then  there  is  small  change  in  this  ratio.  In  all  the  ternary  complexes  F2>F4>  F6j  value  of  F2  is 
largest.  On  complexation  values  of  Slater-Condon  parameters,  Lande’s  parameter  and  Racah  parameters  decrease. 
This  indicates  expansion  of  the  central  metal  ion  orbital  which  further  decreases  the  inter-atomic  repulsion  and  spin  orbit 
interaction.  Hence  R.M.S.  deviation  is  small,  which  confirms  that  the  formation  of  complex  is  perfect.  On  complexation, 
the  value  of  Slater-  Condon  parameters  decreases.  The  ratio  of  F4/F2  for  Neodymium  complexes  lie  in  the  range  of  0.142 
to  0.145.  The  ratio  of  F6/F2  for  Neodymium  complexes  is  in  the  range  of  0.01562  to  0.01578.  The  ratio  of  F4/F2  is  nearly 
ten  times  as  compared  to  F6/F2. 

On  complexation  there  is  expansion  of  4f  orbital’s  which  can  be  expressed  in  terms  of  Nephelauxetic  Ratio 
(p). Because  of  electron-electron  repulsion  and  spin  orbit  interaction,  Nephelauxetic  ratio  decreases  and  covalency 
increases.  Due  to  shortening  of  metal-Ligand  distance,  Nephelauxetic  ratio  increases  and  hence  Nephelauxetic  ratio  effects 
coordination  number  and  overall  geometry  of  complex.  By  knowing  the  value  of  Nephelauxetic  ratio,  bonding  parameter  is 
calculated.  It  has  been  observed  that  if  ligands  are  the  same  and  the  solvent  is  the  same  then  as  atomic  number  increases, 
co  valency  increases.  For  Neodymium,  it  is  ionic  in  nature.  Co  valency  also  increases  with  increase  in  concentration  of 
amino-acid  for  same  rare-earth.  For  Neodymium  -  Nephelauxetic  Ratio,  P  >1.  Therefore,  b1/2  is  not  real  and  5=(l-p)/p 
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is  negative  in  this  present  work.  Hence  all  ternary  complexes  of  Neodymium  make  Ionic  bonding  with  different 
amino-acids  and  with  urea 
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